ABSTRACT. This study analyzed 394 Korean rice landrace accessions, including 93 waxy varieties, for polymorphisms using 29 simple sequence repeat (SSR) markers. In total, 381 alleles served as raw data for estimating the genetic diversity (GD) and population structure. The number of alleles per locus ranged from 3 to 44 (average = 13.14). The expected heterozygosity and polymorphism information content (PIC) ranged from 0.0341 to 0.9358 (mean = 0.5623) and from 0.0783 to 0.9367 (mean = 0.5839), respectively. The mean GDs in waxy, low amylose content, intermediate amylose content, and high amylose content (HAC) varieties were 0.6014, 0.5922, 0.5858, and 0.7232, respectively, Genetic diversity and correlations among landrace rice whereas the mean PIC values for each SSR locus were 0.5701, 0.5594, 0.5550, and 0.6926, respectively. HAC varieties had the highest GD and PIC. Consistent with clustering by genetic distances, a model-based structural analysis revealed 3 subpopulations. Analysis of molecular variance revealed that the between-population component of genetic variance was 22.35%, and that of the within-population component was 77.65%. Significant correlations were observed between eating quality and protein content (r = -0.262), K + (r = -0.655), Mg 2+ (r = -0.680), 1000-GW (r = 0.159), and amylose content (r = -0.134). The overall F ST value was 0.2235, indicating moderate differentiation among the groups. Analysis of variance of the 3 genetic groups (mean of 9 phenotypic and 5 physicochemical traits) by the Duncan multiple range test showed significant differences in 10 traits. This preliminary study represents a first step toward more efficient conservation and greater utilization of rice landraces to broaden the genetic bases of commercially grown varieties.
INTRODUCTION
Rice (Oryza sativa L.) is one of the most important cereal crops in the world, especially in Asian countries such as China, Korea, and Japan. Among these countries, Korea has a long history of rice cultivation and is important in the East Asiatic gene center, in part because of rice seeds that were excavated from a Bronze Age (~3000 years ago) site (Hammer, 2005) . Currently, rice is a staple food for more than 40% of the world's population. Thus, improving rice quality has become one of the foremost considerations for rice buyers and breeding programs. Eating and cooking qualities are particularly important because most rice is consumed cooked. Rice-eating quality is strongly related to a number of easily measurable physicochemical characteristics, including the amount of starch, which is determined through indirect indices, namely, the amylose content (AC), gel consistency, and gelatinization temperature. These parameters reflect the starch functionality of the rice grain, and AC is widely recognized as an important determinant for various rice products (Juliano, 1998) . Landraces maintained by farmers are endowed with tremendous genetic variability because they have been subjected to subtle selection over long periods of time. This aids in the adaptation of landraces to wide agro-ecological niches, and they have unmatched qualitative traits and medicinal properties. Although rice landraces are not heavily utilized in modern breeding programs, they are considered valuable genetic resources. Therefore, uncovering the unused alleles and qualitative traits of landraces is important to understand their genetic structure and to maximize the conservation and utilization of exotic genetic resources.
Molecular markers are important tools for determining the genetic diversity (GD) in many species and for managing plant genetic resources. In contrast to morphological traits, molecular markers can reveal differences among genotypes based on DNA polymorphisms, providing a direct, reliable, and efficient tool for germplasm characterization, conservation, and management. Many DNA markers have been developed and have become powerful tools for detecting the GD within and between populations, including restriction fragment length polymorphisms (Sun et al., 2001) , amplified fragment length polymorphisms (Bao et al., 2006) , random amplified polymorphic DNA (Rabbani et al., 1998) , sequence-characterized amplified regions (Li and Park, 2012) , simple sequence repeats (SSRs) (Giarrocco et al., 2007) , and single nucleotide polymorphisms (McNally et al., 2009) . SSRs are the markers of choice for crop improvement in many species because they are reliable and easy to score (Gupta and Varshney, 2000; Moe and Park, 2012) . SSR markers are co-dominant, multi-allelic, and require only a small amount of DNA for scoring. To date, more than 2500 SSR primer pairs have been developed in rice (McCouch et al., 2002) , offering a tremendous opportunity to gain insight into the genetic structure of the rice genome. In Korea, the GenBank of the Rural Development Administration (RDA) maintains about 1100 rice landrace accessions, and these exotic accessions have not been or are rarely included in breeding programs; thus, genetic characterization is needed to ensure the long-term success of breeding programs and to maximize the conservation and utilization of the rice germplasm in Korea. Studies of the GD of the Korean rice germplasm have been conducted using various molecular markers (Jeong et al., 1999; Song et al., 2002; Lee et al., 2006) . These studies have not only provided useful information for understanding the genetic basis of various rice gene pools established in different geographic regions but also facilitated the selection of new gene sources for breeding programs.
In this study, 394 rice landraces collected from South Korea were evaluated for their GD and population structure based on the AC using SSR markers. We also examined the degree of genetic differentiation of morphologically and genetically defined groups. Our findings will promote local rice conservation programs and increase the utilization of the rice germplasm in Korea.
MATERIAL AND METHODS

Plant materials and DNA extraction
The 394 rice landrace accessions, which included waxy (No. 1-93), low AC (LAC) , intermediate AC (IAC) , and high AC (HAC) (No. 368-394) varieties, were obtained from the National Agrobiodiversity Center of the RDA (Table 1) . Each accession was grown in a greenhouse, and DNA was extracted from the fresh leaves of 15-dayold seedlings using a DNA extraction kit (Qiagen, Valencia, CA, USA). The relative purity and concentration of the extracted DNA were estimated with a NanoDrop ND-1000 spectrophotometer (Qiagen). The final concentration of each DNA sample was adjusted to 20 ng/µL.
Amylose content analysis
AC was measured using the method of Perez and Juliano (1978) . Briefly, 100 mg rice flour was placed into a 100-mL volumetric flask, 1 mL 95% ethanol and 9 mL 1 M aqueous sodium hydroxide were added, and the contents were boiled for 8 min. After cooling to room temperature, the volume was made up with distilled water, and 5 mL solution was put into a 100-mL volumetric flask. Subsequently, 1 mL 1 M aqueous acetic acid and 2 mL 2% I 2 -KI solution were added, and the volume was raised to 100 mL with distilled water. The absorbance of the solution was measured at 620 nm with a spectrophotometer. A standard curve that was made simultaneously using rice samples of known AC was used to calculate the AC of each sample. POP3  10  005756  POP3  142  006114  POP1  274  009797  POP1  11  008732  Admixtured  143  006116  POP1  275  010161  POP1  12  151696  POP3  144  006119  Admixtured  276  010339  POP2  13  005835  POP1  145  006242  Admixtured  277  010340  POP2  14  006100  Admixtured  146  006243  POP1  278  010345  POP2  15  K026146  POP3  147  006247  POP1  279  010374  POP2  16  006620  POP1  148  006258  Admixtured  280  010375  Admixtured  17  K026154  POP1  149  006310  POP3  281  006560  POP1  18  K026181  POP1  150  006328  POP1  282  010417  POP2  19  006078  POP1  151  006354  POP3  283  006735  POP1  20  K026160  POP1  152 Continued on next page
Protein content (PC) analysis
Crude protein was analyzed by the Association of Official Agricultural Chemists method (AOAC, 2005) . Briefly, 1 g powdered white rice was mixed with concentrated sulfuric acid, digested for 45 min at 450°C, and cooled to room temperature. Then, total nitrogen contents were measured using an automatic micro Kjeldahl system (FOSS: Kjeltec ® 2300 Analyzer Unit, Foss Tecator AB, Höganas, Sweden). PC was calculated from the measured total nitrogen content value using a conversion factor of 5.95.
K + and Mg 2+ analysis
The mineral (K + and Mg
2+
) contents were determined by using an inductively coupled plasma optical emission spectrometry (ICP-OES) (Thermo Fisher Scientific, Waltham, USA). Briefly, 0.3 g powdered white rice was combined with HNO 3 and heated at 150°C. After cooling and adding HClO 4 , the sample was reheated for complete oxidation. Again, after cooling to room temperature, samples were mixed with HNO 3 and dH 2 O for digestion in a microwave (model Q 3000; Tektone, Franklin, NC, USA). Digested samples were filtered, and ICP-OES was conducted after adjusting the final volume to 100 mL with dH 2 O.
SSR analysis
Markers were chosen according to their location on the rice genetic map and their suitability for high-throughput genotyping. In total, 29 SSR markers distributed across all 12 chromosomes were used ( Table 2 ). All of the markers were obtained from GRAMENE (http:// www.gramene.org/). Amplification was performed in a 20-µL volume containing 100 ng template DNA, 1X PCR buffer, 0.2 mM of each dNTP, 1 U Taq DNA polymerase, 8 pmol of each reverse and fluorescently labeled M13 (-21) primer, and 2 pmol forward primer with an M13 (-21) tail at its 5'-end. The conditions for amplification were as described in a previous study (Schuelke, 2000) : 94°C for 3 min; 30 cycles of 94°C for 30 s, 55°C (the annealing temperature was changed depending on the primer) for 45 s, and 72°C for 1 min; 10 cycles at 94°C for 30 s, 53°C for 45 s, and 72°C for 1 min; and a final extension at 72°C for 10 min. The SSR alleles were resolved using a 3130xl Genetic Analyzer (Life Technologies Corp., Carlsbad, CA, As defined by the STRUCTURE program. USA) with the GeneScan 3.7 software and sized precisely against 6-carboxy-X-rhodamine molecular size standards using the Genotyper 3.7 software (Life Technologies Corp.). Table 2 . Total number of alleles, number of rare alleles, and GD index for 29 SSR loci in the 394 accessions.
N A = number alleles; N RA = number of rare alleles; MAF = major allele frequency; H E = expected heterozygosity; GD = genetic diversity; PIC = polymorphic information content. 
Data analysis
Basic statistics, including the total number of alleles, allele frequency, major allele frequency (MAF), and polymorphism information content (PIC), were calculated using Power Marker 3.25 (Liu and Muse, 2005) . The variability at each locus was measured in terms of the number of alleles, expected heterozygosity (H E ), and genetic distance between each pair of accessions using the genetic analysis package POPGENE 1.31 (Yeh et al., 1999) . The unweighted pair group method with an arithmetic mean (UPGMA) tree from shared allele frequencies was constructed using MEGA 4.0 (Tamura et al., 2007) , which is embedded in Power Marker. The possible population was analyzed using the model-based program Structure 2.2 (Pritchard et al., 2000; Falush et al., 2003) without prior assignment of the accessions to populations. In this model, a number of populations (K) are assumed to be present, each of which is characterized by a set of allele frequencies at each locus. Individuals in the sample are assigned to populations or jointly to more populations if their genotypes indicate that they are admixed. All loci are assumed to be independent, and each K population is assumed to follow Hardy-Weinberg equilibrium. Posterior probabilities were estimated using the Markov chain Monte Carlo (MCMC) method. MCMC was run for 100,000 burn-in period lengths at fixed iterations of 5 for each fixed population number, followed by 200,000 iterations using a model allowing for admixture and correlated allele frequencies. At least 3 runs of Structure 2.2 were performed with K ranging from 2 to 10, and an average likelihood value, LnP(D), across all runs was calculated for each value of K. The model choice criterion to detect the most probable value of K was ΔK, which is an ad hoc quantity related to the second-order change in the log probability of data with respect to the number of clusters inferred by Structure (Evanno et al., 2005 ). An individual was assigned to a group if >70% of its genome fraction value derived from that group.
Phenotypic trait associations and significance testing for population genetic groups
The Duncan multiple range test (DMRT) was used to determine the significance among 3 groups by a model-based population structure analysis using Structure 2.2 (Pritchard et al., 2000) with 9 phenotypic traits and 5 physicochemical traits, including culm height (cm, average of 20 plants), seed length (mm, average of 20 seeds), seed width (mm, average of 20 seeds), awn number per seed (average of 20 plants), number of panicles (average of 20 plants), panicle length (cm, average of 20 plants), seed coat color, days to flowering (number of days from the date of sowing to the date at which 50% of the plants begin flowering), and 1000-grain weight (g) (Satheeshkumar and Saravanan, 2012) . The eating quality traits, as evaluated by the glossiness of cooked rice. In this study, 301 non-waxy varieties were measured using a Toyo-taste meter (Model: MA-90A and 90B) according to manufacturer operation protocols (Toyo Rice Polishing Machine Factory, Tokyo, Japan). To maintain the accuracy and consistency of measurements, rice flour of cv. Ilpoom was used as a reference every 30 samples. These phenotypic traits were tested for correlations using DMRT with the SPSS 16.0 software (SPSS Inc., Chicago, IL, USA).
RESULTS
SSR polymorphisms and genetic variation in the landrace rice accessions
The 29 SSR markers revealed 381 alleles among the 394 rice landrace accessions ( Table 2 ). The number of observed alleles and rare alleles in the loci varied from 3 (RM6144, RM6165, and RM12676) to 44 (RM206) and from 0 (RM23455) to 38 (RM206), with averages of 13.14 and 9.21 alleles, respectively. The sizes of the alleles ranged from 71 to 314 bp ( Table 2 ). The database of allelic frequencies showed that the rare alleles (frequency <0.05) made up 70.1% of all alleles, whereas intermediate (frequency = 0.05-0.50) and abundant alleles (frequency >0.50) represented 27 and 2.9% of all detected alleles, respectively. These results indicate the presence of a relatively large proportion of rare alleles, and most alleles were present at a low frequency among the rice landrace accessions that were studied ( Figure  1 ). The GD varied from 0.0791 (SSS) to 0.9398 (RM206), with an average value of 0.6156. The frequency of major alleles per locus and the H E varied from 0.1193 (RM206) to 0.9594 (SSS) and from 0.0341 (RM6165) to 0.9358 (RM206), with averages of 0.5005 and 0.5623, respectively. The PIC values ranged from a low value of 0.0783 (SSS) to a high value of 0.9367 (RM206), with an average of 0.5839 (Table 2) .
Analysis of GD based on the AC
AC is one of the most important predictors of eating quality in rice. The AC of milled rice can be classified as waxy (0-2%), very low (3-9%), low (10-19%), intermediate (20-24%), or high (>24%) (Juliano, 1971) . Waxy rice is used in foods such as desserts and snacks. Low-amylose varieties are soft and sticky and include nearly all temperate japonica rice varieties. Intermediate-amylose rice is soft but not sticky and is eaten by most consumers. High-amylose varieties are common among indica rice and are dry and fluffy when cooked, often becoming hard upon cooling. In this study, 93 waxy, 182 LAC, 82 IAC, and 37 HAC rice varieties were analyzed for GD (Table 1) . The GD among rice with the 4 different ACs is summarized in Table 3 . The SSR markers revealed totals of 260 and 300 alleles in the waxy and LAC varieties with 8.97 and 10.34 alleles per locus, respectively, whereas the IAC and HAC varieties contained totals of 237 and 218 alleles with averages of 7.97 and 7.52 per locus, respectively. The mean GDs for each SSR locus in the waxy, LAC, IAC, and HAC rice varieties were 0.6014, 0.5922, 0.5858, and 0.7232, respectively, and the mean PIC values for each SSR locus were 0.5701, 0.5594, 0.5550, and 0.6926, respectively. Comparing GD, we found that the LAC varieties had the highest mean number of alleles. However, the values for GD and PIC were the highest in the HAC varieties, and the MAF per locus was the highest in the IAC varieties (0.5320). The MAF decreased in the order IAC > LAC > waxy > HAC, but the order of average GD and PIC value was HAC > waxy > LAC > IAC (Table 3 ). The distribution of molecular genetic variation among and within the AC-based subgroups was estimated by analysis of molecular variance (AMOVA), which revealed that 4.61% of the total variation was among clusters and 95.39% of the variation was within clusters (Table 4 ). 
Population structure analysis
The model-based grouping method was performed using all 394 rice landrace accessions and 29 SSR markers (Pritchard et al., 2000) . Five runs of Structure 2.2 were conducted by setting the number of populations (K) from 2 to 10. For each run, the burnin time and replication number were both set to 100,000. We used an ad hoc quantity (ΔK) to estimate likelihood values for a given K if the distribution of L(K) did not show a clear mode for the true K (Figure 2A) . ΔK was developed to overcome the difficulty of interpreting the real K values when influenced by factors such as inbreeding and departures from HardyWeinberg equilibrium, and it was tested under different simulation routines in which a real population structure was present (Falush et al., 2003) . According to the second-order statistics developed for Structure (Evanno et al., 2005) to assess the number of subpopulations, the optimal value of K = 3, which had the highest ΔK, was identified ( Figure 2B) ; at K = 3, all 394 rice landrace accessions could be grouped into 3 populations, here designated as POP1, POP2, and POP3. The relatively small value of the alpha parameter (α = 0.0739) revealed that most accessions originated from one primary ancestor, with a few admixed individuals. The degree of admixture, or alpha value, approached zero when calculated using Structure, which indicates that most individuals investigated here were essentially from separate populations. An alpha value >1 would have indicated that most populations were admixtures (Ostrowski et al., 2006 ). An individual having >70% of its genome fraction value was assigned to a group. As shown in Figure 3 , most of the accessions were clearly classified into 1 of the 3 subpopulations. POP1 consisted of 182 accessions, including waxy (48), LAC (87), IAC (38), and HAC (9) varieties; POP2 consisted of 38 accessions, mainly containing LAC (16), waxy (9), and IAC (8) varieties; and POP3 consisted of 111 accessions, which were predominantly LAC (61) and IAC (25) varieties. In total, 332 accessions (84% of 394 accessions) were each clearly assigned to a single subpopulation, whereas 63 accessions (16% of 394 accessions) in the sample were categorized as having admixed ancestry (Figure 3 and Table 1) . T A = total alleles; A A = average alleles; T RA = total rare alleles; A RA = average rare alleles; GD = gene diversity; PIC = polymorphic information content; MAF = major allele frequency; LAC = low AC; IAC = intermediate AC; HAC = high AC. A. Log-likelihood of the data (N = 394) as a function of K (the number of groups used to stratify the sample). B. ΔK, with its modal value detecting a true K for the three groups (K = 3). For each K value, five independent runs were considered; the data were averaged over the replicates.
A B
The distribution of molecular genetic variation among and within the 3 clusters of accessions was estimated by AMOVA, which revealed that 22.35% of the total variation was among clusters and 77.65% of the variation was within clusters (Table 4) . Wright (1978) suggested qualitative guidelines for the interpretation of F ST . A range from 0 to 0.05 may be considered to indicate little genetic differentiation, whereas ranges from 0.05 to 0.15 and 0.15 to 0.25 and F ST values >0.25 indicate moderate, great, and very great genetic differentiation, respectively. In this study, the overall F ST value was 0.2235, indicating moderate differentiation among the 3 groups (Table 5) . A comparison of the GD, PIC, and MAF values in the 3 clusters is shown in Table 5 . Among the 3 model-based populations, POP2 showed higher GD and PIC values than POP1 and POP3. In contrast, POP3 had lower GD and PIC values than POP1 and POP2, suggesting that POP3 is more homogeneous than the other POPs. Pairwise F ST values were estimated to explain the genetic differentiation among the subpopulations (i.e., POP1, POP2, and POP3). The subpopulational pairwise F ST values ranged from 0.4197 between POP1 and POP2 to 0.3575 between POP2 and POP3 ( N = number of accession; N A = number of alleles; MAF = major allele frequency; GD = gene diversity; PIC = polymorphic information content; F ST : for AMOVA-based estimates (P < 0.05) for 100 permutation for population (POP1-POP3) comparisons. 
Phenotypic trait correlations and significance testing for the population genetic groups
The results of our analysis based on 9 phenotypic and 5 physicochemical traits in 301 non-waxy landrace accessions are shown in Table 6 . A simple paired t-test and an association analysis were carried out to identify varieties and correlations exhibiting significant differences from the checked accessions. Traits having a positive significant correlation and some having a negative significant correlation among the phenotypic traits were identified. A strong association was present between eating quality and other physicochemical traits, including protein content (r = -0.262), K + content (r = -0.655), Mg 2+ content (r = -0.680), 1000-GW (r = 0.159), AC (r = -0.134), and days to flowering (r = -0.123). DMRT was employed to determine whether there was any correlation between phenotypic traits and the 3 subpopulations of Korean rice landraces grouped by Structure. By analysis of variance, 10 of 14 phenotypic traits revealed significant differences (P < 0.05). Multiple mean comparisons using DMRT revealed that the 1000-grain weight was significantly different among the 3 subpopulations. Phenotypic characteristics such as seed length, seed width, and 1000-grain weight were smaller in POP1 than in the other 2 POPs, whereas the awn number per seed and culm height were higher. Days to flowering and eating quality were significantly different only in POP2; the phenotypic traits showing a significant difference only in POP3 and POP1 were PC and culm height, respectively ( Table 7) . As a result, POP2 was discriminated from the other POPs in terms of the eating quality and days to flowering, and POP1 and POP3 differed from each other in terms of culm height, PC, seed width, seed length, and awn number per seed ( 
DISCUSSION
In this study, 381 alleles were detected among 394 Korean rice landrace accessions using 29 SSR markers, with an average of 13.14 alleles per locus. This value is higher than that reported previously for landrace rice (Bajracharya et al., 2006; Pandey et al., 2011) , indicating that Korean rice landraces possess strong GD, which may make them an important genetic resource for rice breeding programs and which could increase the utilization of rice landraces. All of the SSR markers were found to be polymorphic, and there was considerable genetic variation among the rice landrace accessions, with a mean H E = 0.5623, MAF = 0.5005, GD = 0.6156, and PIC = 0.5839. Most of the SSR markers differed greatly in the number of alleles, ranging from 3 to 44. Certain SSR markers producing similar numbers of alleles varied greatly in their H E , GD, and PIC values. For example, 3 alleles were detected at each of the markers RM6144, RM6165, and RM12676, but there was a significant difference in their H E , GD, and PIC values. A similar trend was reported previously in strawberry (Yoon et al., 2012) and Italian millet (Zhao et al., 2012a) . Among the 29 SSR markers, RM206, RM48, RM214, RM232, and RM249 showed a comparatively high number of alleles and exhibited strong GD in the 394 Korea rice landrace accessions, as reported by Lee et al. (2006) and Zhao et al. (2009) . The observed difference in GD and PIC may be attributed to the variation in allele frequency between the datasets for the 2 loci. A similar trend was reported previously in rice (Queller et al., 1993) . The significantly high frequency of rare alleles (267 alleles, 70.1%) among landrace accessions indicates that they make a greater contribution to the overall GD of the collection. The GD values for the 4 different AC groups are shown in Table 3 . Our results show that the LAC varieties had the highest allele number (300), whereas the HAC varieties had the highest GD (0.7232) and PIC (0.6926). The GD and PIC values for the varieties decreased in the following order: HAC > waxy > LAC > IAC. This preliminary finding suggests that the HAC varieties had the highest GD compared with other groups among Korea landrace rice. Our data will be useful in designing breeding programs and increasing the utilization of rice landraces.
Population genetics deals with variations in allele frequency between and within populations. The model-based method uses a Bayesian grouping approach to probabilistically assign individuals to populations based on their genotypic data and attempts to find a population structure in which the population is in Hardy-Weinberg equilibrium. The model does not assume a particular mutation process, and in most situations, the estimated log probability does not provide a correct estimation of the number of groups (K) (Evanno et al., 2005) . In our simulations, as the real K was reached, L(K) at larger Ks plateaued or continued to increase slightly (Pritchard and Wen, 2003) , and the variance between runs increased (Figure 2A ). The distribution of L(K) did not show a clear mode for the true K, but ΔK did show a clear peak at K = 3 (Evanno et al., 2005) (Figure 2B ).
Our model-based structural analysis revealed the presence of 3 populations (POP1-POP3) in the Korea rice landraces. When clustering based on the GD and structural analyses based on the model were compared, similar groupings of the accessions were discovered (Figure 3 and Figure S1 ). The degree of admixture, alpha (α = 0.0739), was inferred from the data. When alpha is close to zero, most individuals are essentially from one population or another, whereas when alpha is >1, most individuals are admixed (Evanno et al., 2005; Ostrowski et al., 2006) . The distribution of the 394 accessions that shared at least 70% ancestry with 1 of the 3 inferred groups is summarized in Table 5 . In addition to the groups identified by this analysis, 16% of the accessions showed evidence of mixed population ancestry. The mixture is likely the result of breeding, artificial selection, and domestication history, which have large effects on diversity. The independent population histories of the groups also shaped the gene pools (Garris et al., 2005) . In this study, the F ST values of the different groups ranged from 0.4197 between POP1 and POP2 to 0.3575 between POP2 and POP3 based on AMOVA, and the overall F ST value was 0.2235, indicating moderate differentiation within South Korean rice landraces (Table 5) . A similar result was observed in Korea soybean landraces (Burnham et al., 2002) .
Rice quality is a complex trait that includes many components such as milling, appearance, nutrition, and cooking and eating qualities. Among these qualitative properties, consumers pay most attention to fine appearance and high eating quality (Huang et al., 1998; Zhao et al., 2012b) . AC is related to the appearance and texture of rice, and it affects cooking and eating quality (Bao et al., 2006; Lu and Park, 2012) . Hence, regulating the AC in rice has been a major concern of rice breeders. The results of a simple paired t-test and correlation testing of 9 phenotypic traits and 5 physicochemical traits, including AC, are shown in Table 6 . There were highly significant correlations (P < 0.05 or 0.01) among some traits, including PC, K + , Mg 2+ , and AC. These results agree with those of Zeng et al. (2005) and Jiang et al. (2007) . By DMRT using the same 9 phenotypic and 5 physicochemical traits, significant differences were observed among the 3 groups in 10 qualitative and quantitative traits.
Landraces of rice are thought to be an intermediate stage in the domestication process from the wild ancestor to cultivated rice. Thus, they represent a unique and critical source of genetically variable traits that can serve as a resource for future rice improvement. Assessments of GD are an essential component in germplasm characterization and conservation. This preliminary study could be the first step toward more efficient conservation and utilization of rice landraces to broaden the genetic bases of commercially grown varieties.
